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CLAIMS 

1. A metfaod of imaging a plurality of micro-sample light emittin g si tes simultaneously 
onto separately addressable detectors, which may be discrete regions of the array 
detector, so that light emitted from each site can be monitored by one of the detectors, 
wherein a corresponding plurality of objective lenses each comprising a micro-lens are 
located adjacent to tibie micro-sample array with one objective lei2s for each micro- 
sample, the latter are located at or near the focal point of each of the micro-lenses so that 
light emanating from each micro-sample is collected by its respective objective lens and 
converted into a beam of parallel or near parallel rays, the objective lenses are arranged 
so that the axes of all the beams issuing therefrom are parallel and spaced apart, and the 
beams are focused by a focusing lens through a single point and collected beyond that 
point by detector lens means which serves to reconstitute ttie parallel beams for 
presentation to the detector array, wherein optical discrimination between fluorescence 
#*manqriTig from Upstream and downstream regions of die micro-samples is improved by 
a pinhole aperture located at the focal point of the focusing lens so that light which is not 
emanatiag from die focal point of each of the objective lenses adjacent the micro-sample 
sites will be out of focus at the small aperture pinhole. 

2. A method according to claim 1, wherein the axes of the objectives are angled with 
appropriate adjustoient of the optical characteristics of the objectives and/or downstream 
optical systmi. 

3. A method according to claim 1 or claim 2, wherein a single focusing lens (which may 
be a multi-component lens) is employed for directing all the beam paths through the 
single point. 
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4. A- method accotding-to-any^of-^jlaims— 1— to-SHwhereiny 

positioned relative to tiie micro-sample objective lenses so tiiat ttie region of interest is as 

close as possible to the focal point of the respective objective lens. 

5. A method according to any of claims 1 to 4, wherein the samples are located on a 

plaiiar support widi the re gions of int erest all in the same plane so that thejobjectiye 

looses can likewise aU be in tiie same plane parallel to that containmg tihe regions of 
interest in the sanq)les. 

6. A mediod according to any of claims 1 to 5, includmg the st^ of adjusting tiie 
position of die micro-sample array relative to die lens array and also the step of 
individually adjusting die position of at least die objective lenses relative to die micro- 
samples or vice versa to ensure that the regions of interest m die micro-samples are at 
the focal point of the respective micro-sample objective lenses. 

7. A method according to any of dauns 1 to 6, wherein in order to provide spectral 
separation based on wavelengdi, a filter is mcluded m die tight pafli either between die 
micro-sample objective lenses and die focusing lens means ahead of the phihole. or 
between die detector lens and die detector array. 

8. A method accordmg to claim 7, wherem die specti:al filter is located in a region m 
which the light padis are parallel or nearly parallel. 

9. A mediod according to any of claims 1 to 8, according to which where fluorescence 
is the m<yh*^"i'«" which generates the radiation whidi is to be focused onto a detector, 
citation radiation to produce the fluorescence is appUed only to a region of intMest 
within eadi micio-san^^le radier than over the whole of the micro-sample. 

10. A mediod according to clahn 9, wherein excitation radiation is injected mlo die 
muitipath optical ^stem so as to proceed m a parallel sense towards the array of 
objective lenses, in an opposite sense to the light which emanates from die micro- 
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-samples^so as-to be focused by the objectiverlenses onto the region~of~interes^ in each " 
micro-sample. 

11. A method accordmg to claim 10, wherein the excitation radiation is injected as a 
parallel beam into the optical path, at right angles thereto, and a 45** b^un splitting 
device is provided onto which the parallel-excitation radiation is incident and from which - 
it is directed in a parallel manner towards the micro-sample imaging lenses, but through 
which radiation from the micro-samples can pass to die focusing lens. 

12. A method according to any of claims 1 to 11, wherein excitation radiation is 
produced using a laser such as an argon ion laser, and a beam expander is employed to 
expand the cross-section of the laser beam into a relatively large area beam equivalent to 
the area of the parallel array of micro-sample objective lenses. 

13. A method accordmg to any of claims 1 to 12, having an 8 x 12 array of micro- 
sample objective lenses on the same 8 x 12 matrix as a standard 96 well plate, and if the 
imflging system is to be used to inspect for example a 384 well plate, the latter is 
mounted on an XY stage so that it can be moved relative to the array of objective lenses 
in manner known per se so as to present groups of 96 wells making up the 384 wells, to 
the 96 lens array. 

14. A method according to any of claims 1 to 13, wherein the parallel beams of light 
directed towards the detector array are transferred to the said array via optical fibres, in 
the form of a fibre optic bundle or fibre optic plate. 

15. A method according to any of claims 1 to 14, wherem die detector array is a charge 
coiq>led device having a large number of separately addressable regions (each of which 
is commonly referred to as a pixel) and groups of adjacent pixels (or uidividual pixels) 
from the detector for each sample are addressed, to enable good resolution to be obtained 
in tibie XY sense as between the light from one sample and another. 
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16— A-method according to elaim-tSv-wherein the charge coupled-device-is cocledT-for— 

example cryogenically. 

17. A method according to any of claims 1 to 14, wherein the detector array comprises 
an array of photomultipUers, one photomultiplier for each of the channels (optical paths). 

18. A method according to claim 17, wherein optical fibres or bundles forming cables 
are employed to convey the Ught from each of the ^rtures in a mask to the wmdows of 
photo-mnltipliers which together occiq>y an area considerably greater than that of the 
mask. 

19. A method according to claim 17 or 18, wherein the photomultipliers are replaced by 
an image inteosifier or an intensified CCD. 

20. A method accordmg to any of claims 17 to 19, wherem the photomultiplier tubes, 
image intensifiers and mtensified CCD arrangements are gated electronically so as to 
enable the delays and short miegration periods to be generated as required by tune 
lesolved fiuoresceoce or luminescence applications. 

21. A method according to any of claims 1 to 20, wherem furflier lenses for focusmg 
the parallel beams of light directed towards die detector array are employed to improve 
resolution at the detector surface either in combination with a fibre optic transfer bundle, 
or otherwise. 

22. A metfiod according to any of claims 1 to 21. wherein micro lenses, optionally in 
combuialion with a fibre optic transfer plate are employed m the objective lenses 
adjacent the micro-sanq>les. 

23. A m^od according to daim 22, m which micro lenses have one infinite conjugate. 
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24— A-method-aceording to any-of-elaijiis-l-to-23,-wherein where-ar^fflter^^ k located— 
ahead of the detector, apertured masks are placed on either side of flie filter to collimate 
the parallel beam to further reduce background and cross-talk. 

25. Apparatus adapted for performing the method of any of claims 1 to 24, comprising 
means for siq)porting a micio-sampleLartay_on.a. substrate in dose proximity but paralld^_ 
to an array of micro lenses arranged so as to correspond on a one to one basis with the 
positions and spacing of at least some of the micro-samples on the substrate, each of the 
micro lenses being positioned relative to a region of its related micro-sample by a 
distance equal to the focal length of the lens so that Ught emitted from that region of the 
micro-sample will emerge from the lens as a parallel beam parallel to tiie axis of the 
lens, and the parallel beams of Ught are focused by means of a single focusmg lens 
through a pinhole aperture onto a detector lens so as to produce an image of the micro- 
sample Ught emissions in the plane of an array of individuaUy addressable photoelectric 
detectors, such as regions of an addressable CCD array, and circuit means is provided to 
which signals read out from the array are suppUed m the form of a sequence of digital 
values or otherwise, each corresponding to the Ught incident on a region of the detector 
fbr a given period of time from one of the micro-samples, and computing and analysmg 
circuit means is provided, responsive to the electrical signals, together with memory 
means for storing data indicative of die Ught found to be emitted from each of the micro- 
samples, for storing those values together with address mformation, whereby each stored 
value can be identified with the micro-sample on the substrate from which the Ught 
giving that value has been emitted by reference to the position of flie region in the 
detector array and by correlating the position of the sample in die sample array. 

26. Apparatus accordhig to claim 25, further including a beam spUtter, such as a 
dichroic mirror, interposed in the optical path between the micro lenses and the focusmg 
lens to enable on the one hand Ught to pass from the lenses to the focusmg lens, and on 
the other hand to enable excitation radiation, typicaUy Ught of a particular wavelength, to 
be reflected as a parallel beam towards die micro lenses, fliereby utiUsmg the optical 
focusing characteristics of die micro lenses to focus die paraUel Ught into spots of Ught 
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whidi registjer-vwthr-the-miera-samples so-fliat-the-latter^ a^^ individuaJly-ra^ted-by — 
excitation light which is predominantly incident on that region of each micro-sample 
which is to be inspected for fluorescence after the excitation radiation has been removed, 
and filter means provided in the optical path between the beam splitter and the detector 
array to generally attenuate any excitation wayelengtii radiation travelling towards the 
detector and generaUy_pJ»J«itt_such.iadiation.from readung the detector. 

27. Apparatus according to daim 25 or claim 26, including a laser source as the source 
of excitation radiation a beam cxpaadex for enlarging the cross-section of the laser beam 
and presenting a generally uniform parallel beam of excitation radiation for entry into the 
imaging system via the beam splitt« or dichroic mirror. 

28. Apparams according to any of claims 25 to 27, including shutter means to inhibit 
tiie passage of the source light, except when required for excitation purposes, and further 
shutter means syndironised with tiiat associated with the source to prevent light of any 
wavelength reaching the detector whilst excitation light is projected into tiie system. 

29. A mettiod of analysing fluorescence emitted by radiation excited samples in an array 
of samples comprising the steps of focusing light emitted from each said san^le at 
infinity so as to form a parallel beam, in parallel with the Ught from all of the other 
sample sites making up the array, subsequenfly focusmg all the paraUel light paths 
through a single point and locating at the point a smaU pinhole aperture to restiict 
unwanted Ught from fluorescing material upstream and downstream of the sites of 
interest in the samples, and re-establishing a paraUel array of Ught beams by the use of a 
further lens so as to present to an addressable detector array a pluraUty of parallel Ught 
paths correspondmg to the Ught paths from the samples, and individuaUy addressing 
different regions of flie detector array onto which the paraUel Ught paths impinge, to 
determine the Ught incident thereon, and storing data relating to the quantity of incident 
Ught on each said region of the detector array together with address information to 
enable the data to be reconciled with the position of the sample m die array on the 
substrate to which that data relates. 
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^-._30,^ IJienmethod a(5eording-to-Glaim-29. furtber-GOiiq>risiDg-llie-stqp--of~mtro^ 

periodically into the optical system excitation wavelength illumination and projecting same 
through the optical imaging devices associated with the array of samples to project the 
excitation illumination onto a specific region in each said sample, thereafter extinguishing 
the excitation wavelength light and enabling fluorescence caused by the excitation to pass 
thiou ph the same_pp_ti<a!l .deyices to emerge as parallel rays of light for transfer to a 
detector, for analysis as above mentioned. 

31. The method according to claim 29 or claim 30. wherein die objectives are arranged 
above or below a sample array. 

32. The method according to any of claims 29 to 31, when used to perform immediate 
fluorescaice analysis or time resolved fluorescence analysis in which a shutter is provided 
to inhibit the transfer of light to the detector, excitation radiation is supplied for a short 
mterval of time and then shut off (eiflier by pulsing the source out using further shutter or 
bodi), after a selected interval of time tiie shutter preventing transfer of light to the detector 
is opened and after an appropriate integration interval (which can be very short or longer 
as described) the residual dbarge pattern on the diarge coupled detector array is 
interrogated to generate a signal relating to the charge pattern (and flierefore indicative of 
light incident thereon) for processing and storage as aforesaid. 
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